Introduction
It is estimated that 1.5 million adults in the US have a diagnosis of rheumatoid arthritis (RA). 1 Disease chronicity and need for long-term therapy create substantial lifetime humanistic burden to patients and economic burden to payers and society. 2, 3 Inadequate response (IR) or intolerance to treatment adds to the challenges of managing RA, and increases the associated burden. 4, 5 Treatment with conventional synthetic (cs) disease-modifying antirheumatic drug (DMARD) monotherapy (eg, methotrexate) forms the standard of care for treatmentnaïve RA patients. For patients with moderate-to-severe RA and IR to csDMARD monotherapy (csDMARD-IR), a broad range of biologic DMARDs (bDMARDs) including tumor necrosis factor inhibitor (TNFi; adalimumab, certolizumab, etanercept, golimumab, and infliximab) and non-TNFi (abatacept, rituximab, sarilumab, and tocilizumab) treatments can be added. 6 For patients who have IR and/or intolerance to one or more TNFi agents (TNF-IR), switching from one class of bDMARDs to another with a different mechanism of action, such as T-or B-cell inhibitors or IL-6 inhibitors, is suggested in RA treatment guidelines. 6 Despite the number of treatment options available, patients may fail to respond to, maintain response to, or must stop therapy due to adverse events; therefore, new therapies continue to provide valuable options for patients with this chronic condition. Sarilumab is a human immunoglobulin G1 (IgG1) anti-IL-6 receptor α (anti-IL-6Rα) monoclonal antibody (IL-6 has been shown to contribute to inflammation and joint destruction in RA); 7 Phase III studies have confirmed its efficacy and safety in patients with RA as a monotherapy 8 as well as in combination with methotrexate or other csDMARDs. [9] [10] [11] Whereas disease cost offsets can potentially be realized from effective treatment, 4 drug costs are responsible for a large share of the RA cost burden, 12 and the budgetary consequences of introducing any new treatment options to health systems are of concern to payers. In the face of health-care resource constraints, budget impact analysis enables evaluating the financial consequences of adopting and diffusing a health-care intervention for a target population, within a given health-care setting. 13 The current budget impact analysis was conducted from a US commercial payer perspective to assess the financial consequences associated with the adoption of sarilumab into commercial health-care formularies as combination therapy with csDMARDs or as monotherapy for patients with moderate-to-severe RA.
Methods

Model structure
A 5-year budget-impact model was constructed using Microsoft Excel 2007. A market-based approach was followed that first estimated the current or baseline annual budget of a health-care plan for treatment, assuming sarilumab was not commercially available. Certain market and pricing assumptions (summarized in Table S1 ), including the commercial availability of sarilumab, were then modified and the impact on annual budgets was projected. The budget impact is the difference between the projected and current (or baseline) estimated total cost over a 5-year time horizon for the pharmacy, medical, or total health-care plan budgets.
Model inputs Population
Sarilumab is indicated for the treatment of moderate-tosevere active RA in adults who have had an IR to one or more DMARDs. Data supporting the efficacy and safety of sarilumab as monotherapy and combination therapy with csDMARDs have been previously reported. [9] [10] [11] 13 Two target populations consistent with the indication were considered for comparative analyses of the budget impact of sarilumab. These mutually exclusive populations comprised csDMARD-IR patients (ie, biologic-naïve patients with IR to csDMARD) and TNF-IR patients (ie, patients with IR to TNFi). The model quantified the target populations for sarilumab on the basis of demographic and epidemiological assumptions applied to a starting hypothetical managed-care plan population of one million covered lives. The adult population (age ≥18 years) was based on 2017 US Census data estimates. An RA prevalence rate of 0.6% was based on published epidemiologic data of RA in US adults (Table 1). 14 Among the 65.5% of patients with moderate-to-severe RA, 15 approximately 93.6% of patients were currently receiving DMARD therapy. 16 Three treatment settings were considered: 1) TNF-IR, 2) csDMARD-IR (in both of these settings, patients were treated with csDMARDs+ bDMARDs -ie, combination therapy), and 3) pooled csDMARD-IR and TNF-IR monotherapy (csDMARD-IR or bDMARD-IR patients treated with bDMARDs alone). The final eligible target patient populations for the three treatment settings of interest (Table 1) were then based on the proportion of patients treated with either a csDMARD or bDMARD, as estimated via a retrospective database analysis of real-world prescription claims among treated patients (Adelphi Marketing Study, Sanofi, data on file).
The csDMARD-IR rate, defined as those who failed to meet American College of Rheumatology (ACR) 20 criteria 17 by Week 52, was based on data from three large pivotal trials: 53/212 (25%) from TEMPO, 18 95/257 (37%) from PREMIER, 19 and 126/274 (46%) from ASPIRE. 20 Thus, overall, 36.9% (n=274/743) of treated patients failed to meet the ACR20 criteria (Table 1) .
Market shares of treatments
The treatment comparators were based on the treatments recommended by the ACR guidelines, 6 comprising non-TNF biologics, TNFi biologics, and Janus kinase (JAK) inhibitors. All licensed RA treatments that are currently on the market were included in each category. However, some RA treatments (eg, azathioprine, cyclosporine, minocycline, and gold) were excluded from the budget-impact analysis due to their absence 
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Budget impact of sarilumab in rheumatoid arthritis from the ACR guidelines. 6 Market distributions by drug were based on current US market trends and reflect the anticipated primary comparators to sarilumab. Market-share estimates were derived from market forecast research (Sanofi/ Regeneron Pharmaceuticals, Inc., data on file), which estimated patient utilization by line of therapy, and patient utilization data from Decision Resources 2011 (Table 2 ). Due to the absence of market-share data, anakinra was excluded from the analyses. The sarilumab market share was assumed to be zero in the base-case scenario. In the projected scenario which illustrates the availability of sarilumab, the sarilumab adoption rates were assumed to be 0.50%, 1.00%, 1.50%, 2.00%, and 2.50% in years 1 through 5, respectively, of the total annual market share ( Table 2 ). Due to the absence of data on market-share migration, it was assumed that the annual market shares for the comparator treatments were equi-proportionally reduced by the annual adoption rates for sarilumab, consistent with other budget-impact analyses of RA treatments. 21 
Treatment assumptions
The model does not assume treatment use over the entire 5-year horizon; rather, a comparable 1-year duration of treatment (DOT) was assumed for all treatments, with the basis of this standardization due to the lack of real-world DOT data for sarilumab. Dosing requirements and infusion times were obtained from drug-prescribing information. For treatments administered according to body weight, the model assumed that all patients had an average weight of 81.8 kg, based on the national average weight of males and females in the US, taken from the National Center for Health Statistics.
22
TNF-IR and csDMARD-IR populations were assumed to be administered csDMARD combination therapy with methotrexate. Rates of methotrexate use were adopted from Chen et al (2016) 23 for all treatments except sarilumab, which was assumed to be 100%, and tofacitinib, which was assumed to be a mid-point value of 50% due to lack of evidence. Dose titration in RA treatment is commonly observed in real-world practice as patients and physicians strive to achieve and maintain treatment response in RA patients. Therefore, the model considers dose titration with the RA drugs. estimates for each of the other treatments considered the time to dose titration, the percentage of patients titrating, and the magnitude of dose titration (Table 3) . Adherence to treatment was assumed to impact the number of DMARD doses and administrations. The model considered that all patients were 100% adherent during the 8-week induction phase; however, adherence, after the induction phase, declined at rates specific to each treatment (Sanofi-Regeneron data on file: Decision Resources -Immune and Inflammatory Disorders Study: Rheumatoid Arthritis. 2011), reducing the volume of medication consumed during the maintenance phase.
Costs
Direct medical costs (reported in 2018 USD) associated with treatment were considered for analysis; these included individual wholesale acquisition costs (April 2018) of RA treatments and concomitant medications, administration costs, and individual drug-monitoring costs. Other direct medical costs such as outpatient visits were not included, as this resource use was anticipated to be similar across the treatments and, therefore, contributory to non-differential costs. Moreover, adverse event costs were not included due to the heterogeneity of how severity is defined, such as for infections, and consequently valued, in the published literature. Abbreviations: DMaRD, disease-modifying antirheumatic drug; iR, inadequate response; iV, intravenous; JaK, Janus kinase; Ra, rheumatoid arthritis; sC, subcutaneous; TnF, tumor necrosis factor; TnFi, tumor necrosis factor inhibitor; csDMaRD, conventional synthetic disease-modifying antirheumatic drug. Individual drug costs reflected the health-care plan benefit structure (eg, tier placement and patient cost-sharing schemes, such as co-payment amount or co-insurance rate) to more accurately represent the final cost to the commercial health-care plan. Except for methotrexate and prednisone, which were allocated to Tier 1 ($11.00 co-payment; 17.0% co-insurance) because of their available generic formulations, all other comparators were allocated to "specialty tier" ($54.00 co-payment; 43.0% co-insurance) 24 based on their cost exceeding $670 per month. 25 National co-payment amounts for commercial health-care plan medical and pharmacy benefits, by tier, were obtained from 2015 Kaiser Family Foundation (KFF) data. 24 A dispensing fee of either $1.87 for brands or $1.77 for generic products was implemented across all comparators except those administered intravenously. 26 In the base-case analysis, published wholesale acquisition costs (WAC) of drugs were utilized ( Table 4) . The compound annual growth rate for drug price increases levied by the manufacturer between 2013 and 2018 were calculated in order to estimate the projected annual price increases for each drug.
According to the 2015 ACR guidelines, 6 RA patients with moderate or severe disease activity despite treatment with csDMARDs or biologic therapy are recommended low-dose submit your manuscript | www.dovepress.com 
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GNS TNF cycling predictive analytics project (data on file).
e Dose titration is not recommended for abatacept (package insert). Abbreviations: iV, intravenous; JaK, Janus kinase; sC, subcutaneous; TnF, tumor necrosis factor; TnFi, tumor necrosis factor inhibitor. 28 In this evaluation, discounts were estimated by comparing average net prices for each agent over the four quarters of 2016 against its WAC. An average discount was then estimated for each drug class 28 : TNFi: 30%; CD-20 directed cytolytic antibody: 15%; T-cell inhibitors: 30%; IL-6 inhibitors: 20%; and JAK inhibitors: 5% (Table 4) .
One-way sensitivity analyses (OWSA) were conducted on the base-case budget impact to evaluate the effect to the model by varying input parameters within the range of ±20%. 
Results
Base-case analysis
For a hypothetical plan of one million members, the adult population increased from 772,521 in Year 1 to 778,393 in Year 5, with the prevalence of RA, including moderate-tosevere RA, and DMARD use increasing proportionally over the horizon (Table 1 ). The prevalence of csDMARD and TNFi use along with csDMARD-IR and TNF-IR patient populations are shown in Table 1 . The annual sarilumabeligible csDMARD-IR, TNF-IR, and monotherapy patient populations were estimated to be 409, 345, and 226 in Year 1, respectively, with a slight increase over time due to changing population demographics (Table 1) .
Upon the introduction of sarilumab as an available treatment for RA for those patients who have had an IR or who were intolerant to one or more DMARDs, the projected average annual pharmacy cost per patient per year (PPPY) over the 5-year horizon for sarilumab combination therapy was $36,949. Given equivalent cost per dose, the cost for sarilumab was stable despite titration. For comparators, PPPY treatment costs (taking into account titration) ranged from $24,063 for the infliximab biosimilar to $92,797 for etanercept ( Figure 1) .
As more patients in each of the patient populations received sarilumab treatment, total costs within a health plan decreased over the 5 years. In the csDMARD-IR population, savings grew from $28,610 (−0.14%) in Year 1 to $194,646 (−0.85%) in Year 5 resulting in total savings of $526,424 (0.49%) to the health-care plan over 5 years from the introduction of sarilumab to the market (Figure 2A ; Table S2A ).
In the csDMARD-IR population, although additional monitoring requirements for sarilumab increased medical Similarly, for the TNF-IR treatment population, the base-case assumptions resulted in potential total healthcare plan cost savings of up to $322,637 (0.38%) over the 5 years. Savings grew from $16,986 in year 1 to $120,893 in Year 5, with relative savings increasing from 0.11% to 0.67% ( Figure 2B ; Table S2B) 
scenario analyses
After applying class-level discounts 29 to the WAC of each treatment (Table 4) sensitivity analysis OWSA in Year 1 on all variables revealed that the model was most sensitive to variations in sarilumab adherence ( Figure 3) , with consistent results for both the csDMARD-IR and TNF-IR population models. When population variables were excluded from the OWSA, adherence and DOT variables showed the greatest impact on costs in both population models.
Discussion
The current budget-impact analysis evaluated the 1-to 5-year budgetary consequences to a US commercial health-care plan of adding sarilumab for the treatment of moderate-to-severe RA in patients who have IR to one or more DMARDs. The base-case considered a 2.50% RA sarilumab-adoption rate by Year 5, displacing the use of other RA treatments. In this base-case analysis, the addition of sarilumab to the formulary The stable dosing paradigm and price parity for the two available doses (150 and 200 mg every 2 weeks) of sarilumab underscore its economic value, as compared with alternative biologic products that have substantial variability in dose titration and schedules, and are more expensive at higher doses. The published data on dose titrations that informed the model indicated that upward titration was prevalent for most of the bDMARDs, with the magnitude of dose titration from the maintenance dose ranging from 15.50% for etanercept up to 100% for a portion of patients treated with tocilizumab (SC and IV).
OWSA on all variables in Year 1 shows that the model was most sensitive to variations in sarilumab adherence. When population variables were excluded, the model was most sensitive to variations in adherence and DOT, which directly impact the volume of drug utilized.
A limitation of the budget-impact analysis was the lack of real-world data on DOT for sarilumab and other biologic treatments. At the time of model development, this parameter was only informed by an assumption of equivalent DOT across treatments in the base-case. Future research is warranted to evaluate the true impact of DOT on costs when real-world data on sarilumab treatment duration are available. Furthermore, the analysis was based on published list prices for biologic drugs, although payers may receive confidential discounts and rebates from manufacturers. Although these rebates are not publicly available and could, therefore, not be included in the calculation, they may impact the findings of this analysis. However, a scenario with class-level discounts based on real-world pricing data indicated 28 that the beneficial impact of introducing sarilumab to a health-care plan budget would be sustained.
This budget-impact model has been conducted over a horizon of 5 years, and considered a number of important compliance, titration, administration, and treatment-monitoring assumptions, in addition to the dynamic market-share factors, in evaluating the consequences of introducing sarilumab to a US commercial health-care plan -an approach that is relatively more comprehensive than previous such evaluations in the US. 21 The results of a budget-impact analysis of tofacitinib by Bhattacharya and Kamal 21 are not comparable with our study, given the large difference in the evaluation approach, including their limited market basket to anti-TNFs only; 2013 drug costs, which have increased significantly since then; and variations in the utilization rates, which impact the contribution of each drug to the overall costs.
Our analysis indicates that the introduction of sarilumab would be associated with potential cost savings as early as Year 1, primarily due to the displacement of the more expensive biologics for RA with this most recently available IL-6 inhibitor. The modeling approach adhered to published guidelines for good modeling practice 12 and the scenario analysis aligned with costing assumptions applied in the recent ICER evaluation of targeted therapies.
28
Conclusion
Sarilumab provides a new option for non-responders to csDMARD or TNFi and opportunities for cost savings for patients who do not respond well to their initial treatment or are titrated with little clinical benefit. 4 The information pre-submit your manuscript | www.dovepress.com
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Dovepress Budget impact of sarilumab in rheumatoid arthritis • The TnF-iR and biologic-naïve csDMaRD-iR populations are mutually exclusive • The model assumes a hypothetical plan population of one million covered lives • The "TnFi or csDMaRD iR" is calculated using a weighted estimate of the TnF-iR and csDMaRD-iR population values Market definition
Supplementary materials
• The market basket comparators are based on DMaRD therapy utilization and recommendations from the aCR 2015 guidelines • The base-case market basket represents the total number of patients that are iR • sarilumab adoption assumes market share is pulled proportionally from all comparators included in the market basket • adherence was assumed to impact the number of DMaRD doses and administrations. it is assumed that all patients are 100% compliant during the induction phase (first 8 weeks) • adherence for oral products is assumed to reduce the volume of medication consumed • in the base-case year, it is assumed that sarilumab market share is 0%
• csDMaRD combination therapy is assumed to be methotrexate in all cases • Tofacitinib combination therapy rate is assumed to be 50% (mid-point value) Treatment inputs
• DOT conversion from months to weeks: 4.35 weeks per month (=365/12/7)
• induction dose and regular dose assumptions are reported separately to account for alternate loading doses and schedules during the first 8 weeks Drug costs
• Tier placement can vary by plan. all branded DMaRDs are assumed to be covered on Tier 3 (specialty). generic medications such as methotrexate and prednisone are assumed to be covered on Tier 1 • For orals, patient cost sharing is applied based on the refill frequency (days of supply)
• all products placed on a medical tier will be allocated to the Medical budget; all other products will be categorized under the Pharmacy budget • For products with multiple prices, the lowest published WaC price was selected for each formulation • Patients receiving IV therapy would require one office visit per infusion Monitoring
• It is assumed that monitoring tests/labs were conducted during scheduled office visits and, therefore, do not incur incremental office visit costs Abbreviations: aCR, american College of Rheumatology; cs, conventional synthetic; DMaRD, disease-modifying antirheumatic drug; DOT, duration of treatment; iR, inadequate response; iV, intravenous; Ra, rheumatoid arthritis; TnFi, tumor necrosis factor inhibitor; WaC, wholesale acquisition cost. 
